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A new aspartyl protease on 21q22.3, BACE2, is highly similar to 
Alzheimer's amyloid precursor protein beta-secretase. 

Solans A, Estivill X, de La Luna S. 

Down Syndrome Research Group, Medical and Molecular Genetics Center, 
IRO, Hospital Duran i Reynals, Barcelona, Spain. 

Down syndrome individuals develop abnormalities of most organs, including 
all the pathological and neurochemical features of Alzheimer's disease, by the 
early age of 30 yr. Here, we report the isolation and characterization of 
BACE2, a gene mapping on human chromosome 21q22.3, which is highly 
similar to a transmembrane aspartyl protease, BACH (for beta-site APP- 
cleaving enzyme), which is able to catalyze the beta-secretase cleavage of 
Alzheimer's amyloid precursor protein (APP). B ACE2 is expressed in a^wide 
variety of organs and tissues, with several transcripts due to alternative 
splicing and the use of two polyadenylation signals. The BACE2 gene product 
is a 5 18 amino acid protein with the signature of an aspartic protease, a 20- 
residue signal peptide, and two putative N-glycosylation sites. In addition, and 
similarly to BACE, BACE2 differs from the other members of the human 
aspartic protease family in the number and distribution of putative disulfide 
bonds and in the presence of an extended C-terminal region which contains a 
predicted transmembrane segment. BACE2 could be involved in the 
Alzheimer-hke neuropathology of Down syndrome, as well as in Alzheimer's 
disease linked to chromosome 21 but not showing mutations in APP. 
Copyright 2000 S. Karger AG, Basel. 
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□ 1: FEES Lett. 2000 Oct 13;483(1):6-10. 
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Regulation of APP cleavage by alpha-, beta- and gamma- 
secretases. 

Nunan J, Small DH. 

Laboratory of Molecular Neurobiology, Department of Pathology, University 
of Melbourne, 3010, Melbourne, Vic, Australia. 

Proteolytic cleavage of the amyloid protein from the amyloid protein 
precursor (APP) by APP secretases is a key event in Alzheimer's disease (AD) 
pathogenesis. alpha-Secretases cleave APP within the amyloid sequences, 
whereas beta- and gamma-secretases cleave on the N- and C-terminal ends 
respectively. The transmembrane aspartyl protease BACE has been identified 
as beta-secretase and several proteases (ADAM- 10, TACE, PC7) may be 
alpha-secretases. A number of studies have suggested that presenilins could be 
gamma-secretases, although this remains to be demonstrated conclusively. 
Inhibition of beta- and gamma-secretase, or stimulation of alpha-secretase, is a 
rational strategy for therapeutic intervention in AD. 

Publication Types: 

• Review 

• Review, Tutorial 
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Specificity of memapsin 1 and its implications on the design of 
memapsin 2 (beta-secretase) inhibitor selectivity. 

Turner RT 3rd, Ley JA, Nguyen C, Devasamudram T, Ghosh AK, 
Koelsch G, Tang J. 

Protein Studies Program, Oklahoma Medical Research Foundation and 
Department of Biochemistry and Molecular Biology, University of Oklahoma 
Health Sciences Center, Oklahoma City, Oklahoma 73104, USA. 

Memapsin 1 is closely homologous to memapsin 2 (B ACE), or beta-secretase, 
whose action on beta-amyloid precursor protein (APP) leads to the production 
of beta-amyloid (A beta) peptide and the progression of Alzheimer's disease. 
Memapsin 2 is a current target for the development of inhibitor drugs to treat 
Alzheimer's disease. Although memapsin 1 hydrolyzes the beta-secretase site 
of APP, it is not significantly present in the brain, and no direct evidence links 
it to Alzheimer's disease. We report here the residue specificity of eight 
memapsin 1 subsites. In substrate positions P(4), P(3), P(2), P(l), P(l)', P(2)', 
P(3)', and P(4)', the most preferred residues are Glu, Leu, Asn, Phe, Met, lie, 
Phe, and Trp, respectively, while the second preferred residues are Gin, He, 
Asp, Leu, Leu, Val, Trp, and Phe, respectively. Other less preferred residues 
can also be accommodated in these subsites of memapsin 1. Despite the broad 
specificity, these residue preferences are strikingly similar to those of human 
memapsin 2 [Turner et al. (2001) Biochemistry 40, 10001-10006] and thus 
pose a serious problem to the design of differentially selective inhibitors 
capable of inhibiting memapsin 2. This difficulty was confirmed by the 
finding that several potent memapsin 2 inhibitors effectively inhibited 
memapsin 1 as well. Several possible approaches to overcome this problem 
are discussed. 
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GGA proteins mediate the recycling pathway of memapsin 2 (B ACE). 
J Biol Chem. 2004 Dec 21; [Epub ahead of print] 
PMID: 15615712 [PubMed - as supplied by publisher] 
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□ 2: Kovach CR, Tancli Y. Dohcartv P, Schiidt AM. Cashin S. SiJva- 

' _Smi1Ji.AL, 

[g| Effect of the B ACE intervention on agitation of people with dementia. 
IImJ Gerontologist. 2004 Dec;44(6):797-806. 
PMID: 1561 1216 [PubMed - in process] 

□ 3: Stcinbom G. Haiirezaei MR, Hofemeister J. Related Articles. Links 

bac genes for recombinant bacilysin and anticapsin production in Bacillus 
host strains. 

Arch Microbiol 2004 Dec 1 8; [Epub ahead of print] 
PMID: 15609023 [PubMed - as supplied by pubHsher] 

O 4: Fuso A, Seminara L. Cavallaro RA, D'Ansclmi F. Scarpa S. Related Articles, Links 

S-adenosylmethionine/homocysteine cycle alterations modify DNA 
^ methylation status with consequent deregulation of PSl and BACE and beta- 
amyloid production. 
Mol Cell Neurosci. 2005 Jan;28(l):195-204. 
PMID: 15607954 [PubMed - in process] 

□ 5: Wickham L. Benjannet S. Marcinkicwicz E. Chretien M. Seidah NG. Related Articles, Links 
irS beta-Amyloid protein converting enzyme 1 and brain-specific type II 



membrane protein BRI: binding partners processed by furin. 

JNeuiDchem. 2005 Jan;92(l):93-102. 
PMID: 15606899 [PubMed - in process] 



□ g. Stachcl SJ. Cobum CA. Steele TG> Jones KG. Loutzenhiscr EF. 
' Gregro AR,JRi^apa^^^ 
Tugusheva K. Lincberger .IE. Pietrak BL. Espeseth AS, Shi XP, 
Chen-Dodson Hglloway MK^ Munshi Simon AJ, Kuo L. Vacca 
JP. 



Related Articles, Links 



Structure-based design of potent and selective cell-permeable inhibitors of 
human beta-secretase (BACE-1). 
J Med Chem. 2004 Dec 16;47(26):6447-50. 
PMID: 15588077 [PubMed - in process] 

□ 7: Abad>Rodriguez J. Ledesma MP. Craessaerts K. P erga S. Medina M. Related Articles. Links 
iM.acourteA^TMngw^^^ 

|rg| Neuronal membrane cholesterol loss enhances amyloid peptide generation, 
mi J Cell Biol. 2004 Dec 6;167(5):953-60. 
PMID: 1 5583033 [PubMed - in process] 



□ 8: Benjannet S. Cromlisb JA. Diallo K. Chretien M. Seidah NG. 



Related Articles, Links 



The metabolism of beta-amyloid converting enzyme and beta-amyloid 
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PMID: 15522224 [PubMed - in process] 
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beta-site amyloid precursor protein cleaving enzyme 1 increases amyloid 
deposition in brain parenchyma but reduces cerebrovascular amyloid 
angiopathy in aging BACE x APP[V717I] double-transgenic mice. 

Am J Pathol. 2004 Nov; 165(5): 162 1-31. 

PMID: 15509532 [PubMed - indexed for MEDLINE] 

G 10: Hmag^ELCaflLsch A. Related Articles. Links 

g Efficient evaluation of binding free energy using continuum electrostatics 
solvation. 

J Med Chem. 2004 Nov 4;47(23):5791-7. 
PMID: 15509178 [PubMed - indexed for MEDLINE] 
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n 11 > Li KC, Liu CT. Sun W. Yuan S. Yu T. 

A system for enhancing genome-wide coexpression dynamics study. 
Is Proc Natl Acad Sci USA. 2004 Nov 2;101(44):15561-6. Epub 2004 Oct 18. 
PMID: 15492223 [PubMed - indexed for MEDLINE] 

□ 12* Westnaever GG. Willem M. Ltchteothaler SF. Lumian G. Multhaup Related Articles Links 
' G. Assfalg-Machleidt I/Reiss K, Saftig P/Haassg, 

Dimerization of beta-site beta-amyloid precursor protein-cleaving enzyme. 
J Biol Chem. 2004 Dec 17;279(51):53205-12. Epub 2004 Oct 12. 
PMID: 15485862 [PubMed - in process] 
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Demonstration of BACE (beta-secretase) phosphorylation and its 
interaction with GGAl in cells by fluorescence-Ufetime imaging 
microscopy. , 

J CeU Sci. 2004 Oct 15;117(Pt 22):5437-45. Epub 2004 Oct 05. 
PMID: 15466887 [PubMed - in process] 
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Modeling the protonation states of the catalytic aspartates in beta-secretase. 

J Med Chem. 2004 Oct 7;47(21):5159-66. 

PMID: 15456259 [PubMed - indexed for MEDLINE] 
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Apo and inhibitor complex structures of BACE (beta-secretase). 
J Mol Biol. 2004 Oct 15;343(2):407-16. 
PMID: 15451669 [PubMed - indexed for MEDLINE] 

O 16: l^keda.K^ AraJki W,.M^ Related Articles, Links 

Amino-truncated amyloid beta-peptide (AbetaS -40/42) produced from 
1^ caspase-cleaved amyloid precursor protein is deposited in Alzheimer's 
disease brain, 

FASEB J. 2004 Nov;18(14):1755-7. Epub 2004 Sep 13, 
PMID: 15364896 (PubMed - in process] 

□ 17: MMdeMorp O. Order Neumann U, Paganetti P^ Luihi U;, 
' Barberis A 
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Yeast growth selection system for the identification of cell-active inhibitors 
of beta-secretase. 

Biochim Biophys Acta. 2004 Sep 6;1674(l):29-39. 
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Modeling the binding affinities of beta-secretase inhibitors: application to 



subsite specificity. 
Bioorg Med Chem Lett. 2004 Oct 4; 14(1 9): 4843 -6. 
PMID: 1 5341 936 [PubMed - in process] 

□ 19: Cuinining JN. Iserloh U. Keniied\^ ME. Related Articles, Links 



Design and development of BACE-1 inhibitors. 

Curr Opin Drug Discov Devel. 2004 Jul;7(4): 536-56. Review. 
PMID: 15338962 [PubMed - indexed for MEDLINE] 

□ 20: von Rotz RC. Kohli BM. Bossel J. Meier M. Suzuki T. Nilsch RM. Related Articles. Links 

* Konictzko U. 

ij^ The APP intracellular domain forms nuclear multiprotein complexes and 
1^ regulates the transcription of its own precursor. 

J Cell Sci. 2004 Sep l;117(Pt 19);4435-48. 

PMID: 15331662 [PubMed - in process] 

Oil: ^VH. Kumar A. Petcrhofif C, Shapiro Kulnane L. Uchivama Y. Related Articles, Links 
' Lamb B 1\ Cuervo AM, Nixon RA. 

Autophagic vacuoles are enriched in amyloid precursor protein-secretase 
activities: implications for beta-amyloid peptide over-production and 
localization in Alzheimer's disease. 

Int J Biochem Cell Biol 2004 Dec;36(12):2531-4d. 
PMID: 15325590 [PubMed - in process] 

□ 22: Gandhi S. Refolo LM. Sambamurii K. Related Articles, Links 

jj3 Amyloid precursor protein compartmentalization restricts beta-amyloid 
^ production: therapeutic targets based on BACE compartmentalization. 

JMol Neurosci. 2004;24(1): 137-43. 

PMID: 15314262 [PubMed - indexed for MEDLINE] 

□ 23: Naqvi T. Liin A. Rouhani R> Singh R, Eglen RM, RelstecJ Articles, Links 

Beta galactosidase enzyme fragment complementation as a high-throughput 
screening protease technology. 
JBiomol Screen. 2004 Aug;9(5):398-408. 
PMID: 1 5296639 [PubMed - in process] 

□ 24: Oing IL Zhou W. Cliristensen MA. Sun X. Tong Y. Song W. Relaieci A:tlc!es, Links 

ff^ Degradation of BACE by the ubiquitin-proteasome pathway. 
kd FASEB J. 2004 Oct;18(13):1571.3. Epub 2004 Aug 02. 
PMID: 15289451 [PubMed - in process] 
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Long-term accumulation of amyloid-beta, beta-secretase, presenilin-1, and 
caspase-3 in damaged axons follov^ing brain trauma. 
Am J Pathol 2004 Aug;165(2):357-71. 
PMID: 15277212 [PubMed - indexed for MEDLINE] 

n 26: Schmechel A. Strauss M. Schlicksupp A, Pipkom R, Haass C, Related Articles. Links 
Bayer lA.Multhaup.G, 

Human BACE forms dimers and colocalizes with APP. 
J Biol Chem. 2004 Sep 17;279(38):39710-7. Epub 2004 Jul 09. 
PMID: 15247262 [PubMed - indexed for MEDLINE] 
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Targeting B ACE with small inhibitory nucleic acids - a future for 
Alzheimer's disease therapy? 
Acta Biochim Pol. 2004;51(2):431-44. 
PMID: 15218540 [PubMed - in process] 

George AJ, HolsiBger RJM McLean C A. Laughton KM. Bevreuther Related Articles, Links 

K.Eyjn G^Mast^^^^^ 

APP intracellular domain is increased and soluble Abeta is reduced with 
diet-induced hypercholesterolemia in a transgenic mouse model of 

Alzheimer disease. 

Neurobiol Dis. 2004 Jun;16(l): 124-32. 

PMID: 15207269 [PubMed - indexed for MEDLINE] 

Hu B. Fan KY. Bridges K. Chopra R. Lovering F. Cole D. Zhou P. Related Articles, Links 
Ellingboe L Jin G> Cowling Bard J 

Synthesis and SAR of bis-statine based peptides as BACE 1 inhibitors. 
Bioorg Med Chem Lett. 2004 Jul 5;14(13):3457-60. 
PMID: 15177452 [PubMed - in process] 
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Taiemi SSJ.e HV^ Strickland C. 
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□ 31: 



Crystallization of glycosylated human BACE protease domain expressed in 
Trichoplusia ni. 

Biochim Biophys Acta. 2004 May 6;1698(2):255-9. 
PMID: 15134659 [PubMed - indexed for MEDLINE] 

Wen Y. Onvewuchi O, Yang S. Liu R. Simpkins JW. Related Articles, Links 

Increased beta-secretase activity and expression in rats following transient 

cerebral ischemia. 

Brain Res. 2004 May 29; 1009(1 -2): 1-8. 

PMID: 15120577 [PubMed - indexed for MEDLINE] 
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Insights into the phosphoregulation of beta-secretase sorting signal by the 
VHS domain of GGAl. 

Traffic. 2004 Jun;5(6):437-48. 

PMID: 15117318 [PubMed - indexed for MEDLINE] 



□ 33: ZhuX.WangH, Yang W. 

1^ Novel cobalt-free oxygen permeable membrane. 
hd Chem Commun (Camb). 2004 May 7;(9): 1130-1. Epub 2004 Apr 08. 
PMID: 15116219 [PubMed] 
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Greeve L Kretzschmar D, Tschape JA. Beyn A , Brell ing er C , 
Schweizer M. Nitsch RM. Reifegerste R. 

Age-dependent neurodegeneration and Alzheimer-amyloid plaque 
formation in transgenic Drosophila. 

J Neurosci. 2004 Apr 21;24(16):3899-906. 

PMID: 15102905 [PubMed - indexed for MEDLINE] 

Pastoriiio L. Ikin AF. Laniprianou S. Vacaiesse N. Revelli JP. Plati Related Articles, Links 
K,PaganettiR.Mate 

BACE (beta-secretase) modulates the processing of APLP2 in vivo. 

Mol Cell Neurosci. 2004 Apr;25(4):642-9. 

PMID: 1 5080893 [PubMed - indexed for MEDLINE] 
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identification of a 91 bp fragment involved in basal level of BACE 
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FASEB J. 2004 Jun; 18(9): 1037-9. Epub 2004 Apr 01. 
PMID: 15059977 [PubMed - indexed for MEDLINE] 

□ 37: Sambamuni K> Kinsey R. Malonev B. Ge YW. Lahiii DK. Related Articles, Links 

Gene structure and organization of the human beta-secretase (BACE) 



promoter. 

FASEB J. 2004 Jun; 18(9): 1034-6. Epub 2004 Apr 01. 
PMID: 15059975 [PubMed - indexed for MEDLINE] 

□ 38: Biasko L Beer R. Bigl M. Apelt J. Franz G. Rudzki D. Ransmayr G . Related Articles. Links 

Kampfl A. SchliebsR. 

Experimental traumatic brain injury in rats stimulates the expression, 
production and activity of Alzheimer's disease beta-secretase (BACE-1). 
J Neural Transm. 2004 Apr;l 1 1(4):523-36. Epub 2004 Feb 04. 
PMID: 15057522 [PubMed - indexed for MEDLINE] 

O 39* De Pictri Tonelli D, Mihailovich M, Di Cesare A. Codazzi F. Related Articles, Links 

' Grohovaz F. Zacchetti D. 

tTranslational regulation of BACE-1 expression in neuronal and non- 
neuronal cells. 

Nucleic Acids Res. 2004 Mar 19;32(5):1808-17. Print 2004. 
PMID: 15034149 [PubMed - indexed for MEDLINE] . 

O40: Pasternak SH. Callahan JW. MahuranDJ. :^el3ted Artlcies. Links 

The role of the endosomal/lysosomal system in amyloid-beta production 
and the pathophysiology of Alzheimer's disease: reexamining the spatial 
paradox from a lysosomal perspective. 

J Alzheimers Dis. 2004 Feb;6(l):53-65. Review. 
PMID: 15004328 [PubMed - indexed for MEDLINE] 

□ 41: Mohajeri MH. Saini KD. Nitsch RM. Related Articles. Links 

|gj Transgenic BACE expression in mouse neurons accelerates amyloid plaque 
'tiiHJ pathology. 

J Neural Transm. 2004 Mar;l 1 1(3):413-25. Epub 2003 Dec 03. 

PMID: 14991462 [PubMed - indexed for MEDLINE] 
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Amyloid beta peptide load is correlated with increased beta-secretase 
activity in sporadic Alzheimer's disease patients. 
Proc NaU Acad Sci USA. 2004 Mar 9;101(10):3632-7. Epub 2004 Feb 20. 
PMID: 14978286 [PubMed - indexed for MEDLINE] 

O 43; Colciagb i F. Marcello E. BotTot]i B, Ziininennann M. Caltagirone Related Articles, Links 
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[pl Platelet APP, ADAIVI 10 and BACE alterations in the early stages of 
fei Alzheimer disease. 
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PMID: 14872043 [PubMed - in process] 
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XI 1 alpha impairs ganmia- but not beta-cleavage of amyloid precursor 
protein. 
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EMBO J. 2004 Feb ll;23(3):483-8. Epub 2004 Jan 29. 
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Levels of alpha- and beta-secretase cleaved amyloid precursor 
protein in the cerebrospinal fluid of Alzheimer's disease patients. 

Sennvik K, Fastbom J, Blomberg M, Wahlund LO, Winblad B, Benedikz 
E. 

Division of Geriatric Medicine, Karolinska Institute, NEUROTEC, KFC 
NOVUM, Huddinge, Sweden. 

Alternative cleavage of the amyloid precursor protein (APP) results in 
generation and secretion of botih soluble APP (sAPP) and beta-amyloid 
(Abeta). Abeta is the main component of the amyloid depositions in the brains 
of Alzheimer's disease (AD) patients. Using Western blotting, we compared 
the levels of alpha-secretase cleaved sAPP, beta-secretase cleaved sAPP and 
total sAPP, in cerebrospinal fluid (CSF) from 13 sporadic AD patients and 13 
healthy controls. Our findings show significant amounts of beta-secretase 
cleaved sAPP in CSF. There was no statistically significant difference in the 
levels of beta-secretase cleaved sAPP between AD patients and controls. The 
levels of alpha-secretase cleaved sAPP and total sAPP were, however, found 
to be significantly lower in the AD patients than in the controls. 
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Human aspartic protease memapsin 2 cleaves the beta-secretase 
site of beta-amyloid precursor protein. 

Lin X, Koelsch G, Wu S, Downs D, Dashti A, Tang J. 

Protein Studies Program, Oklahoma Medical Research Foundation, and 
Department of Biochemistry, University of Oklahoma Health Sciences Center, 
Oklahoma City, OK 73 104, USA. 

The cDNAs of two new human membrane-associated aspartic proteases, 
memapsin 1 and memapsin 2, have been cloned and sequenced. The deduced 
amino acid sequences show that each contains the typical pre, pro, and 
aspartic protease regions, but each also has a C-terminal extension of over 80 
residues, which includes a single transmembrane domain and a C-terminal 
cytosolic domain. Memapsin 2 mRNA is abundant in human brain. The 
protease domain of memapsin 2 cDNA was expressed in Escherichia coii and 
was purified. Recombinant memapsin 2 specifically hydrolyzed peptides 
derived from the beta-secretase site of both the wild-type and Swedish mutant 
beta-amyloid precursor protein (APP) with over 60-fold increase of catalytic 
efficiency for the latter. Expression of APP and memapsin 2 in HeLa cells 
showed that memapsin 2 cleaved the beta-secretase site of APP intracellularly. 
These and other results suggest that memapsin 2 fits all of the criteria of beta- 
secretase, which catalyzes the rate-hmiting step of the in vivo production of 
the beta-amyloid (Abeta) peptide leading to the progression of Alzheimer's 
disease. Recombinant memapsin 2 also cleaved a peptide derived from the 
processing site of presenilin 1, albeit with poor kinetic efficiency. Alignment 
of cleavage site sequences of peptides indicates that the specificity of 
memapsin 2 resides mainly at the S(l)' subsite, which prefers small side 
chains such as Ala, Ser, and Asp. 
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Cellular and molecular basis of beta-amyloid precursor protein 
metabolism. 

Greenfield JP, Gross RS, Gouras GK, Xu H. 

Fisher Center for Alzheimer Research and Laboratory of Molecular and 
Cellular Neuroscience, The Rockefeller University, New York NY 10021, 
USA. 

In molecular neurobiology, perhaps no molecule has been as thoroughly 
examined as Alzheimer's beta-amyloid precursor protein (beta-APP). In the 
years since the cDNA encoding beta-APP was cloned, the protein has been the 
subject of unparalleled scrutiny on all levels. From molecular genetics and 
cellular biology to neuroanatomy and epidemiology, no scientific discipline 
has been left unexplored - and with good reason, beta-amyloid (Abeta) is the 
main constituent of the amyloidogenic plaques which are a primary 
pathological hallmark of Alzheimer's disease, and bta-APP is the protein from 
which Abeta is cleaved and released. Unraveling the molecular events 
underlying Abeta generation has been, and remains, of paramount importance 
to scientists in our field. In this review we will trace the progress that has been 
made in understanding the molecular and cellular basis of beta-APP 
trafficking and processing, or alternatively stated, the molecular basis for 
Abeta generation. Imperative to a complete understanding of Abeta generation 
is the delineation of its subcellular localization and the identification of 
proteins that play either direct or accessory roles in Abeta generation. We will 
focus on the regulation of beta-APP cleavage through diverse signal 
transduction mechanisms and discuss possible points of therapeutic 
intercession in what has been postulated to be a seminal molecular step in the 
cascade of events terminating in the onset of dementia, loss of nexirons, and 
eventual death from Alzheimer's disease. 

Publication Types: 
• Review 
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Cellular and molecular basis of beta-amyloid precursor protein 
metabolism. 

Greenfield JP, Gross RS, Gouras GK, Xu H. 

Fisher Center for Alzheimer Research and Laboratory of Molecular and 
Cellular Neuroscience, The Rockefeller University, New York NY 10021, 
USA. 

In molecular neurobiology, perhaps no molecule has been as thoroughly 
examined as Alzheimer's beta-amyloid precursor protein (beta-APP). In the 
years since the cDNA encoding beta-APP was cloned, the protein has been the 
subject of unparalleled scrutiny on all levels. From molecular genetics and 
cellular biology to neuroanatomy and epidemiology, no scientific discipline 
has been left unexplored - and with good reason, beta-amyloid (Abeta) is the 
main constituent of the amyloidogenic plaques which are a primary 
pathological hallmark of Alzheimer's disease, and bta-APP is the protein from 
which Abeta is cleaved and released. Unraveling the molecular events 
underlying Abeta generation has been, and remains, of paramount importance 
to scientists in our field. In this review we will trace the progress that has been 
made in understanding the molecular and cellular basis of beta-APP 
trafficking and processing, or alternatively stated, the molecular basis for 
Abeta generation. Imperative to a complete understanding of Abeta generation 
is the delineation of its subcellular localization and the identification of 
proteins that play either direct or accessory roles in Abeta generation. We will 
focus on the regulation of beta-APP cleavage through diverse signal 
transduction mechanisms and discuss possible points of therapeutic 
intercession in what has been postulated to be a seminal molecular step in the 
cascade of events terminating in the onset of dementia, loss of neurons, and 
eventual death from Alzheimer's disease. 

Publication Types: 
• Review 
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Modeling of substrate specificity of the Alzheimer's disease 
amyloid precursor protein beta-secretase. 

Sauder JM, Arthur JW, Dunbrack RL Jr. 

Fox Chase Cancer Center, Institute for Cancer Research, 7701 Burholme 
Avenue, Philadelphia, PA 191 1 1, USA. 

The enzyme B ACE (beta-site APP-cleaving enzyme) has recently been 
identified as the beta-secretase that cleaves the amyloid precursor protein 
(APP) to produce the N terminus of the Abeta peptide found in plaques in the 
brains of Alzheimer's disease patients. BACE is an aspartic protease similar to 
pepsin and renin. Comparative modeling of the three-dimensional stmcture of 
BACE in complex with its substrate shows that several residues confer 
specificity of the enzyme for APP. In particular, Arg296 forms a salt-bridge 
with the Pr Asp of the APP substrate, explaining the unusual preference of 
BACE among aspartic proteases for a PT residue that is negatively charged. 
Several hydrophobic residues in the enzyme form a pocket for the PI 
hydrophobic residue (Met in wild-type APP and Leu in APP with the 
"Swedish mutation" associated with early-onset of Alzheimer's disease). 
Inhibitors that can bind to the BACE active site may prove useful for drugs to 
treat and prevent Alzheimer's disease. Copyright 2000 Academic Press. 
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Maturation and endosomal targeting of beta-site amyloid 
precursor protein-cleaving enzyme. The Alzheimer's disease 
beta-secretase. 

Huse JT, Pijak DS, Leslie GJ, Lee VM, Doms RW. 

Department of Pathology and Laboratory Medicine, University of 
Pennsylvania School of Medicine, Philadelphia, Pennsylvania 19104, USA. 

The amyloidogenic Abeta peptide is liberated from the amyloid precursor 
protein (APP) by two proteolytic activities, beta-secretase and gamma- 
secretase. Recently, a type I membrane protein termed BACE (beta-site APP 
cleaving enzyme) with characteristics of an aspartyl protease has been 
identified as the beta-secretase. We undertook a series of biochemical and 
morphological investigations designed to characterize the basic properties of 
this protein. Initial studies indicated that BACE undergoes N-linked 
glycosylation at three of four potential sites. Metabolic pulse-chase 
experiments revealed that after core glycosylation, BACE is rapidly and 
efficiently transported to the Golgi apparatus and distal secretory pathway. 
BACE was also found to be quite stable, being turned over with a t(12) of 
approximately 16 h. Retention of BACE in the endoplasmic reticulum by 
introduction of a C-terminal dilysine motif prevented complex carbohydrate 
processing and demonstrated that propeptide cleavage occurs after exit from 
this organelle. BACE exhibited intramolecular disulfide bonding but did not 
form oligomeric structures by standard SDS-polyacrylamide gel 
electrophoresis analysis and sedimented as a monomer in sucrose velocity 
gradients. Immunofluorescence studies showed a largely vesicular staining 
pattern for BACE that colocalized well with endosomal, but not lysosomal, 
markers. Measurable levels of BACE were also detected on the plasma 
membrane by both immunostaining and cell surface biotinylation, and cycling 
of the protein between the cell membrane and the endosomes was 
documented. A cytoplasmic dileucine motif was found to be necessary for 
normal targeting of BACE to the endosomal system and accumulation of the 
protein in this intracellular site. 

PMID: 109245 10 [PubMed - indexed for MEDLINE] 
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Beta-secretase cleavage of Alzheimer^s amyloid precursor 
protein by the transmembrane aspartic protease BACE. 

Vassar R, Bennett BD, Babu-Khan S, Kahn S, Mendiaz EA, Denis P, 
Teplow DB, Ross S, Amarante P, LoelofT R, Luo Y, Fisher S, Fuller J, 
Edenson S, Lile J, Jarosinski MA, Biere AL, Curran E, Burgess T, Louis 
JC, Collins F, Treanor J, Rogers G, Citron M. 

Amgen, Inc., One Amgen Center Drive, M/S 29-2-B, Thousand Oaks, CA 
91320-1799, USA. 

Cerebral deposition of amyloid beta peptide (Abeta) is an early and critical 
feature of Alzheimer's disease. Abeta generation depends on proteolytic 
cleavage of the amyloid precursor protein (APP) by two unknown proteases: 
beta-secretase and gamma-secretase. These proteases are prime therapeutic 
targets. A transmembrane aspartic protease with all the known characteristics 
of beta-secretase was cloned and characterized. Overexpression of this 
protease, termed RACE (for beta-site APP-cleaving enzyme) increased the 
amount of beta-secretase cleavage products, and these were cleaved exactly 
and only at known beta-secretase positions. Antisense inhibition of 
endogenous BACE messenger RNA decreased the amount of beta-secretase 
cleavage products, and purified BACE protein cleaved APP-derived substrates 
with the same sequence specificity as beta-secretase. Finally, the expression 
pattern and subcellular localization of BACE were consistent with that 
expected for beta-secretase. Future development of BACE inhibitors may 
prove beneficial for the treatment of Alzheimer's disease. 
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Identification of a novel aspartic protease (Asp 2) as beta- 
secretase. 

Hussain I, Powell D, Hewlett DR, Tew DG, Meek TD, Chapman C, 
Qoger IS, Murphy KE, Southan CD, Ryan DM, Smith TS, Simmons DL, 
Walsh FS, Dingwall C, Christie G. 

Department of Neurosciences, SmithKline Beecham Pharmaceuticals, Harlow. 
Essex, United Kingdom. 

The Alzheimer's disease beta-amyloid peptide (Abeta) is produced by excision 
from the type 1 integral membrane glycoprotein amyloid precursor protein 
(APP) by the sequential actions of beta- and then gamma-secretases. Here we 
report that Asp 2, a novel transmembrane aspartic protease, has the key 
activities expected of beta-secretase. Transient expression of Asp 2 in cells 
expressing APP causes an increase in the secretion of the N-terminal fragment 
of APP and an increase in the cell-associated C-terminal beta-secretase APP 
fragment. Mutation of either of the putative catalytic aspartyl residues in Asp 
2 abrogates the production of the fragments characteristic of cleavage at the 
beta-secretase site. The enzyme is present in normal and Alzheimer's disease 
(AD) brain and is also found in cell lines known to produce Abeta. Asp 2 
localizes to the Golgi/endoplasmic reticulum in transfected ceils and shows 
clear colocalization with APP in cells stably expressing the 751-amino-acid 
isoform of APP. 
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Related Articles. Links 



natuiie 



Membrane-anchored aspartyl protease with Alzheimer^s disease 
beta-secretase activity. 

Yan R, Bienkowski MJ, Shuck ME, Miao H, Tory MC, Pauley AM, 
Brashier XR, Stratman NQ Mathews WR, Buhl A£, Carter DB, 
Tomasselli AG, Parodi LA, Heinrikson RL, Gurney ME. 

Cell & Molecular Biology, Pharmacia & Upjohn, Inc., Kalamazoo, MI 49007, 
USA. riqiang.yan@am.pnu.com 

Mutations in the gene encoding the amyloid protein precursor (APP) cause 
autosomal dominant Alzheimer's disease. Cleavage of APP by unidentified 
proteases, referred to as beta- and gamma-secretases, generates the amyloid 
beta-peptide, the main component of the amyloid plaques found in 
Alzheimer's disease patients. The disease-causing mutations flank the protease 
cleavage sites in APP and facilitate its cleavage. Here we identify a new 
membrane-bound aspartyl protease (Asp2) with beta-secretase activity. The 
Asp2 gene is expressed widely in brain and other tissues. Decreasing the 
expression of Asp2 in cells reduces amyloid beta-peptide production and 
blocks the accumulation of the carboxy-terminal APP fragment that is created 
by beta-secretase cleavage. Solubilized Asp2 protein cleaves a synthetic APP 
peptide substrate at the beta-secretase site, and the rate of cleavage is 
increased tenfold by a mutation associated with early-onset Alzheimer's 
disease in Sweden. Thus, Asp2 is a new protein target for drugs that are 
designed to block the production of amyloid beta-peptide peptide and the 
consequent formation of amyloid plaque in Alzheimer's disease. 
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Related Articles, Links 



natuiie 



Purification and cloning of amyloid precursor protein beta- 
secretase from human brain. 

Sinha Anderson JP, Barbour R, Basi GS, Caccavello R, Davis D, Doan 
M, Dovey HF, Frigon N, Hong J, Jacobson-Croak K, Jewett N, Keim P, 
Knops J, Lieberburg I, Power Tan H, Tatsuno G, Tung J, Schenk D, 
Seubert P, Suomensaari SM, Wang S, Walker D, John V, et ah 

Elan Pharmaceuticals, South San Francisco, California 94080, USA. 
ssinha@elanpharama.com 

Proteolytic processing of the amyloid precursor protein (APP) generates 
amyloid beta (Abeta) peptide, which is thought to be causal for the pathology 
and subsequent cognitive decline in Alzheimer's disease. Cleavage by beta- 
secretase at the amino terminus of the Abeta peptide sequence, between 
residues 671 and 672 of APP, leads to the generation and extracellular release 
of beta-cleaved soluble APP, and a corresponding cell-associated carboxy- 
terminal fragment. Cleavage of the C-terminal fragment by gamma-secretase 
(s) leads to the formation of Abeta. The pathogenic mutation K670M671- 
>N670L671 at the beta-secretase cleavage site in APP, which was discovered 
in a Swedish family with familial Alzheimer's disease, leads to increased beta- 
secretase cleavage of the mutant substrate. Here we describe a membrane- 
bound enzyme activity that cleaves full-length APP at the beta-secretase 
cleavage site, and find it to be the predominant beta-cleavage activity in 
human brain. We have purified this enzyme activity to homogeneity from 
human brain using a new substrate analogue inhibitor of the enzyme activity, 
and show that the purified enzyme has all the properties predicted for beta- 
secretase. Cloning and expression of the enzyme reveals that human brain 
beta-secretase is a new membrane-bound aspartic proteinase. 
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Characterization of Alzheimer^s beta -secretase protein BACE. A 
pepsin family member with unusual properties. 

Haniu M, Denis P, Young Y, Mendiaz EA, Fuller J, Hui JO, Bennett BD, 
Kahn S, Ross S, Burgess T, Katta V, Rogers G, Vassar R, Citron M. 

Amgen Inc., Thousand Oaks, California 91320-1799, USA. 
mhaniu@amgen.com 

The cerebral deposition of amyloid beta-peptide is an early and critical feature 
of Alzheimer's disease. Amyloid beta-peptide is released from the amyloid 
precursor protein by the sequential action of two proteases, beta-secretase and 
gamma-secretase, and these proteases are prime targets for therapeutic 
intervention. We have recendy cloned a novel aspartic protease, BACE, with 
all the known properties of beta-secretase. Here we demonstrate that BACE is 
an N-glycosylated integral membrane protein that undergoes constitutive N- 
terminal processing in the Golgi apparatus. We have used a secreted Fc 
fusion-form of BACE (BACE-IgG) that contains the entire ectodomain for a 
detailed analysis of posttranslational modifications. This molecule starts at 
Glu(46) and contains four N-glycosylation sites (Asn(153X Asn(172), Asn 
(223), and Asn(354)). The six Cys residues in the ectodomain form three 
intramolecular disulfide linkages (Cys(216)-Cys(420), Cys(278)-Cys(443), 
and Cys(330)-Cys(380)). Despite the conservation of the active site residues 
and the 30-37% amino acid homology with known aspartic proteases, the 
disulfide motif is fundamentally different from that of other aspartic proteases. 
This difference may affect the substrate specificity of the enzyme. Taken 
together, both the presence of a transmembrane domain and the unusual 
disulfide bond structure lead us to conclude that BACE is an atypical pepsin 
family member. 
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Expression analysis of BAG £2 in brain and peripheral tissues. 

Bennett BD, Babu-Khan S, LoelofT R, Louis JC, Curran Citron M, 
Vassar R 

Amgen, Inc., Thousand Oaks, California 91320-1799, USA. 

Beta-site amyloid precursor protein cleaving enzyme (BACE) is a novel 
transmembrane aspartic protease that possesses all the known characteristics 
of the beta-secretase involved in Alzheimer's disease (Vassar, R., Bennett, B. 
D., Babu-Khan, S., Kahn, S., Mendiaz, E. A., Denis, P., Teplow, D. B., Ross, 
S., Amarante, P., Loeloff, R., Luo, Y., Fisher, S., Fuller, J., Edenson, S., Lile, 
J., Jarosinski, M. A., Biere, A. L., Curran, E., Burgess, T., Louis, J. -C, 
Collins, F., Treanor, J., Rogers, G., and Citron, M. (1999) Science 286, 735- 
-741). We have analyzed the sequence and expression pattern of a BACE 
homolog termed BACE2. BACE and BACE2 are unique among aspartic 
proteases in that they possess a carboxyl-terminal extension with a predicted 
.transmembrane region and together they define a new family. Northem 
analysis reveals that BACE2 mRNA is expressed at low levels in most human 
peripheral tissues and at higher levels in colon, kidney, pancreas, placenta, 
prostate, stomach, and trachea. Human adult and fetal whole brain and most 
adult brain subregions express very low or undetectable levels of BACE2 
mRNA. In addition, in situ hybridization of adult rat brain shows that BACE2 
mRNA is expressed at very low levels in most brain regions. The very low or 
undetectable levels of BACE2 mRNA in the brain are not consistent with the 
expression pattern predicted for beta-secretase. 

PMID: 10749877 [PubMed - indexed for MEDLINE] 
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□ 1: Biochem Biophys Res Commun. 2000 Feb 5;268(1): 133-5. Related Articles. Links 



Inhibitors of beta-amyloid formation based on the beta-secretase 
cleavage site. 

Abbenante G, Kovacs DM, Leung DL, Craik D J, Tanzi RE, Fairlie DP. 

Centre for Drug Design and Development, University of Queensland, 
Brisbane, Queensland, 4072, Austrdia. 

A series of inhibitors of beta-amyloid formation have been developed based 
on the beta-secretase cleavage site (VTsfL-DA) of the Swedish mutant Amyloid 
Precursor Protein. A simple tripeptide aldehyde was found to be the most 
potent (IC(50) = 700 nM) in the series displaying an inhibitory profile which 
is different from reported inhibitors of beta-amyloid formation. Copyright 
2000 Academic Press. 
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Identification of beta*secretase-like activity using a mass 
spectrometry-based assay system. 

Gruninger-Leitch F, Berndt P, Langen H, Nelboeck P, Dobeli H. 

CNS Research, HofFmann-La Roche Ltd, Grenzacherstrasse 124, CH-4070 
Basel, Switzerland. 

We describe an assay system for the identification of site-specific proteases. 
The assay is based on a protein substrate that is immobilized on ceramic 
beads. After incubation with cell homogenates, the beads are washed and 
digested with endoproteinase Lys-C to liberate a defined set of peptides. The 
peptide fragments are identified by mass spectrometry. The assay was used to 
screen for beta-secretase, the protease that cleaves amyloid precursor protein 
(APP) at the beta-site. Cathepsin D was identified as the enzyme responsible 
for beta-secretase-like activity in two cell lines. Subsequent analysis of the 
related aspartic protease, cathepsin E, revealed almost identical cleavage 
specificity. Both enzymes are efficient in cleaving Swedish mutant APP at the 
beta-site but show almost no reactivity with wild-type APP. Treatment of cell 
Unes with pepstatin inhibited the production of amyloid peptide (Abeta) when 
they were transfected with a construct bearing the Swedish APP mutant. 
However, when the cells were transfected with wild-type APP, the generation 
of Abeta was increased. This suggests that more than one enzyme is capable 
of generating Abeta in vivo and that an aspartic protease is involved in the 
processing of Swedish mutant APP, 

PMID: 10625394 [PubMed - indexed for MEDLINE] 
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